INTRODUCTION
Brazil is a large fruit producing country that harvested about 3,300,000 tons of papaya over an area of 40,000 hectares in 2000 (Agrianual, 2002) . Until recently all this production was due to the cultivation of hybrids of Chinese origin, of the 'Formosa' group and Hawaiian cultivars, of the 'Solo' group (Pereira, 2003) . Currently the North of Espirito Santo State accounts for 69.7% of the national papaya ex- portation for fresh consumption (BRAPEX, 2005) to the United States, Singapore, Hong Kong, China, Japan and Canada (Rangel, 2002) .
The high price of hybrid seeds of the 'Formosa' papaya, generally imported from Kaohsiung -Taiwan for US$ 3500-4000 per kg has stimulated many fruit producers in Brazil to use seeds in successive higher generations, like F 2 , F 3 and F 4 of the 'Tainung 01' hybrid, resulting in less vigor and expressive segregation for the fruit shape (Marin et al., 2001) . The most cropped cultivar in Brazil, 'Sunrise Solo' ('Solo') has yield limited to 40 to 60 t ha -1 and is very susceptible to the mosaic virus. The fruit skin commonly presents physiological spot symptoms and the pulp is not very firm, that causes post harvest losses, especially for exportation.
Thus it is unquestionable that papaya breeding is a relevant option for Brazil to reduce dependence on seeds from the external market, that results in greater income for the growers.
The edaphoclimatic similarity of the North Fluminense region with the main Brazilian papaya producing region motivated researchers at the Universidade Estadual do Norte Fluminense Darcy Ribeiro to begin a papaya breeding program in 1995. The present research aimed to examine the general combining ability of parents of the 'Solo' and 'Formosa' groups and the specific combining ability of the hybrids resulting from a partial diallel cross design. A further objective of the research was the identification of hybrids with desirable traits for domestic and foreign markets.
MATERIAL AND METHODS
Sixteen genitors, eight from each papaya groups ('Solo' and 'Formosa') , from the Brazilian Germplasm Banks located at Universidade Estadual do Norte Fluminense Darcy Ribeiro -UENF and Empresa Brasileira de Pesquisa Agropecuária -EMBRAPA were used. The genotypes were selected based on their divergence in terms of morphoagronomic traits Six seedlings were planted per hole for each treatment, spaced 20 cm apart. Thinning left a single papaya plant after the determination of the gender. In the case of the genotypes derived from dioecious populations, the maximum possible number of female plants was maintained after sexing. For the genotypes derived from gynoecious-andromonoecious populations the maximum possible number of hermaphrodite plants was maintained because of the high commercial value of the produced fruits. The crop was managed in the field according to the recommendations by Marin et al. (1995) .
The following traits were evaluated: a) total fruit yield (TFY) -expressed in grams, obtained by the multiplication of the fruit number by the mean fruit weight per plant, 270 days after transplanting the seedlings to the field; b) mean fruit weight (MFW) -expressed in grams obtained by weighting on an analytical scale a three-fruit sample of each plant weekly harvested; c) plant height (PH) -expressed in cm, measured with a ruler, from the ground level up to the last leaf pair on the stem apex of the papaya tree, 120 days after transplanting; d) soluble solids (BRIX) content -expressed in degree brix, obtained by using a manual refractometer on a three-fruit sample of each plant at each harvest; and j) taste degustation (TD) -obtained by scoring the fruit pulp taste of three-fruit samples of each plant and each harvest, according to scale established by the Quality Control and Post Harvest Laboratory of the Caliman Agrícola S/A Company (4 = optimum, 3 = good, 2 = regular, 1 = poor). The Griffing Model (1956) , Method 2 (inclusion of parents and F 1´s ) was used for the partial diallel cross scheme, considering Model 1 (adopting the genotype effects as fixed). The following genetic statistical model was considered: Y ij = µ + g i + g' j + s ij + Sci. Agric. (Piracicaba, Braz.), v.63, n.6, p.540-546, November/December 2006 ij ε , where: Y ij = mean value of the hybrid combination involving the i-th parent of group 1 and the j-th parent of group 2; = general mean; g i = effects of the general combining ability (GCA) of the i-th parent of group 1; g' j = effect of the GCA of the j-th parent of group 2; s ij = effect of the specific combining ability (SCA) of the hybrid combination involving the i-th parent of group 1 and the j-th parent of group 2; and = mean experimental error (Cruz & Regazzi, 2001 ). The Genes Program (Cruz, 2001 ) was used to carry out the analysis.
RESULTS AND DISCUSSION
The parent's mean square magnitudes were highly significant at the 1% level of probability by the F test, for all the assessed traits, showing the existence of real differences among the genotypes used as parents in the composition of the partial diallel design (Table 1) . Partitioning the effects, the group 1 presented significance only for PH and BRIX, indicating a high similarity among the parents in the 'Solo' group. Such group, in fact presents genotypes phenotypicaly alike probably sharing expressive magnitude of common alleles. On the other hand, the group 2, Formosa genotypes, was highly significant at the 1% of probability level by the F test for all the assessed traits, showing more expressive genetic diversity for this group of parents. Regarding the G1 × G2 interaction, only PH was not significant, showing that the groups were distinct and that the partial diallel design might produce good combinations.
The parent x crossing interaction was significant for most of the traits, except for BRIX, which evidenced the existence of genetic differences among the parents and their hybrid combinations, one of the essential conditions for the expression of heterosis (Table 1) .
The estimates of the effects of the mean squares of the general and specific combining ability (GCA and SCA, respectively) were in general significant at 1% of probability level by the F test indicating that both the additive and non-additive genetic effects were involved in the control of the evaluated traits. More specifically, additive genetic effects prevailed for the genotypes of the 'Solo' group for MFW, PH, BRIX and TD; while for the 'Formosa' group, additive effects were predominant for TFY, MFW, BRIX and TD. Only BRIX was not significant for the among group interaction, indicating that superior hybrids might be obtained for almost all the assessed traits. The absence of significance for BRIX for the effects of SCA (G1 × G2) and parents x crossing interactions was an indication of probably no importance of dominance deviations for this trait.
Concerning the effects for TFY, the genotypes that showed higher potentials to improve fruit yield for intrapopulation breeding were: 'Sunrise Solo 783', 'Sunrise Solo TJ', 'Waimanalo Solo' and 'Kapoho Solo' in the 'Solo' group, and 'Maradol Roxo' and 'Cariflora' in the 'Formosa' group ( Table  2) .
The greatest positive i ĝ magnitudes for MFW were shown by 'Maradol Roxo' and 'JS 12' in the Table 1 -Analysis of variance with the partitioning of the sum of the squares of parents and crosses in the sums of associated squares, respectively, of group 1 ('Solo') and group 2 ('Formosa') of papaya and the general combining ability for five morphoagronomic traits assessed in a partial diallel cross design.
1 TFY = total fruit yield at 270 days after transplanted; MFW = mean fruit weight; PH = plant height; BRIX = soluble solid contents of the fruit pulp; TD = flavor assessment.* and ** significant, respectively, at levels of 5 and 1 % probability by the F test and ns non significant.
'Formosa' group, and 'Waimanalo' and 'Santa Bárbara' in the 'Solo' group, indicating that these cultivars tended to contribute genetically to increase fruit weight. This was expected, because these cultivars have been characterized by presenting mean fruit weights of superior magnitude (Marin & Gomes, 2000) . In opposite, the greatest negative i ĝ magnitude occurred for 'Sunrise Solo 72/12', 'Tailândia' and 'Kapoho Solo', that showed the possibility of indicating these cultivars for breeding programs aiming the reduction of fruit size.
About PH, the genotypes 'Baixinho de Santa Amália' and 'São Mateus', from the 'Solo' group, were prominent since they presented the greatest negative i ĝ estimates, respectively -9.30 and -5.41 (Table 2) . Regarding the parents in the 'Formosa' group, the greatest negative i ĝ magnitudes occurred for the 'Dióico' and 'Tailândia' cultivars expressed by their respective estimates of -3.53 and -2.53. When the magnitudes of the i ĝ estimates were compared considering both papaya groups, in general the 'Solo' genetic group presented more promising materials to obtaining genotypes with reduced plant height.
The best performing cultivars for the BRIX trait, with their respective positive i ĝ magnitudes, were 'JS 11' (0.81), in the 'Formosa' group, followed by 'Sunrise Solo TJ' (0.55), 'Baixinho de Santa Amália' (0.41) and 'Kapoho Solo' (0.29), in the 'Solo' group. So, there were genotypes in the two groups that could contribute to increase the soluble solids content of the fruit in breeding programs for this purpose.
Considering the TD trait, the greatest positive i ĝ estimates were expressed by 'JS 11' (0.75) and 'JS 12' (0.65), in the 'Formosa' group and by 'Baixinho de Santa Amália' (0.21), 'São Mateus' (0.18) and 'Sunrise Solo 783' (0.15) in the 'Solo' group. This showed that these cultivars could be indicated for intrapopulation breeding programs to improve fruit pulp flavor. The estimates of the SCA ( ij ŝ ) effects showed that for PH the 8 × 2', 3 × 3' and 2 × 2' combinations presented the greatest negative effects (Table 3) , despite the positive values for their parents. In contrast, parents 5 ('Baixinho de Santa Amália') and 1' ('Dióico'), even though they presented the greatest negative i ĝ magnitudes for PH in their groups (Table  2) , the respective hybrid combination 5 × 1' expressed Table 2 -Estimates of GCA effects ( i ĝ ) for five traits assessed in a partial diallel cross design among 16 parents of papaya of the 'Solo' and 'Formosa' groups. TFY = total fruit yield at 270 days after transplants; MFW = mean fruit weight; PH = plant height; BRIX = soluble solids content of the fruit pulp; TD = flavor assessment. (1) Sunrise Solo TJ; (2) Sunrise Solo 72/12; (3) Santa Bárbara; (4) São Mateus; (5) Baixinho de Santa Amália; (6) Sunrise Solo 783; (7) Waimanalo Solo; (8) Kapoho Solo; (1') Dióico; (2') Maradol Roxo; (3') JS 11; (4') JS 12; (5') Costa Rica; (6') Tailândia; (7') Tainung 01; (8') Cariflora. a positive ij ŝ value, with magnitude 6.47 (Table 3) . Such situation -expected results based on the i ĝ estimates in disagreement with the respective hybrid's performances -is a good indication of significant dominance deviation and consequently, the possibility of obtaining significant heterosis.
Concerning MFW, the hybrids with the greatest positive effects for ij ŝ were: 7 × 2', 3 × 6', 6 × 8', 1 × 4', 5 × 5', 4 × 8', 5 × 1', 8 × 7', 8 × 6' and 4 × 5' (Table 3 ). The 7 × 2', 3 × 6' and 1 × 4' combinations were outstanding since they also presented parents with greater GCA effect ( Table 2 ). This indicates that parents 2' ('Maradol Roxo'), 7 ('Waimanalo Solo'), 3 ('Santa Bárbara') and 4' ('JS 12') were the most suitable genotypes to increase the mean fruit weight in papaya breeding programs.
The greatest negative ij ŝ magnitudes for MFW occurred in the 4 × 2', 5 × 4', 7 × 3', 7 × 1', 3 × 8', 5 × 6', 6 × 5', 1 × 1', 3 × 5' and 8 × 2' hybrids (Table  3) . Almost all these combinations, in addition to the negative SCA, presented at least one of the parents with high negative GCA magnitude. Thus these hybrids were also more promising when the objective was to obtain genotypes with lower fruit weight. The genotypes 2 ('Sunrise Solo 72/12'), 6' ('Tailândia'), 8 ('Kapoho Solo'), 5' ('Costa Rica'), 5 ('Baixinho de Santa Amália') and 3' ('JS 11') may be used as parents in breeding programs to reducing papaya fruit weight.
Regarding the TFY trait, the combinations with positive superior ij ŝ estimates derived from parents with positive i ĝ estimates were: 8 × 7', 6 × 8', 3 × 6', 7 × 6', 1 × 5', 5 × 2', 7 × 8' and 3 × 1', indicating that the parents 'Sunrise Solo 783', 'Cariflora', 'Kapoho Solo', 'Waimanalo Solo', 'Maradol Roxo' and 'Sunrise Solo TJ' may generate superior segregants for total fruit yield in papaya breeding programs.
The hybrids with greatest positive ij ŝ estimates for the BRIX trait were: 7 × 5', 8 × 5', 4 × 8', 1 × 3', 8 × 7', 4 × 6', 3 × 3', 6 × 5', 6 × 4' and 2 × 6'. Only the 4 × 8' combination derived from parents with negative i ĝ estimates showed that this hybrid performed better than expected based on the parental GCA. In contrast, the 8 × 5', 1 × 3', 8 × 7' and 2 × 6' combinations derived from crossing between parents that expressed positive i ĝ estimates, showed that the hybrids performed as expected based on the parental GCA. The parents 'Kapoho Solo', 'Costa Rica', 'Sunrise Solo TJ', 'JS 11', 'Costa Rica', 'Tainung 01', 'Sunrise Solo 72/12', 'Tailândia' and 'JS 12' may contribute genetically to increasing the soluble solid contents of the papaya fruits.
For the TD trait, the 7 × 5', 5 × 4', 1 × 2', 4 × 5', 4 × 3', 2 × 2', 7 × 7', 8 × 6', 3 × 5' and 5 × 8' combinations expressed the greatest positive ij ŝ values (Table 3) , of which 7 × 5', 1 × 2' and 3 × 5' performed better than expected based on their parental GCA (Table 2 ). The combinations 5 × 4', 4 × 3' and 5 × 8' derived from parents that expressed positive i ĝ estimates (Table 2 ) performed as expected, based on their parental GCA. Consequently, the 'JS 12', 'Baixinho de Santa Amália', 'JS 11', 'Cariflora' and Tainung 01' cultivars may be recommended as parents for papaya breeding to improve fruit pulp flavor.
Based on the traits directly associated to yield, the 'Maradol' and 'Cariflora' parents in the 'Formosa' group and 'Sunrise Solo 783' and 'Sunrise Solo TJ' in the 'Solo' group were outstanding for their i ĝ magnitudes and may be indicated for intrapopulation breeding. Further for intrapopulation breeding for the traits associated to fruit quality, the parents 'JS 12' and 'JS 11' in the 'Formosa' group and 'Sunrise Solo 72/12' and 'Baixinho de Santa Amália' in the 'Solo' group were outstanding because of the i ĝ magnitudes, and may be indicated for intrapopulation breeding. Considering the set of traits and the importance of the qualitative attributes for papaya consumption, the best combinations were: 'Sunrise Solo 72/12 × JS 12', 'Sunrise Solo TJ × JS 12', 'Baixinho de Santa Amália × JS 12', 'Sunrise Solo TJ × JS 11' and 'Sunrise Solo 72/12 × Costa Rica'.
CONCLUSIONS
There was major difference between the genotypes of the 'Solo' group as compared to the genotypes of the 'Formosa' group. For intrapopulation breeding programs for higher yield, the best parents were 'Maradol' and 'Cariflora' of the 'Formosa' group and 'Sunrise Solo 783' and 'Sunrise Solo TJ' of the 'Solo' group. For intrapopulation breeding programs for fruit quality, the best parents were 'JS 12' and 'JS 11', of the 'Formosa' group and 'Sunrise Solo 72/12' and 'Baixinho de Santa Amália' of the 'Solo' group. Considering the set of traits, the following hybrids may be selected: 'Sunrise Solo 72/12 × JS 12', 'Sunrise Solo TJ × JS 12', 'Baixinho de Santa Amália × JS 12', 'Sunrise Solo TJ × JS 11' and 'Sunrise Solo 72/12 × Costa Rica'.
